ABSTRACT -The morphology of the dura mater and its relationship with the structures of the cavernous sinus were analyzed in five tufted capuchin monkeys (Cebus apella) using histological sections, showing that the walls of the cavernous sinus of this species are similar to those of other primates, including man. Except for the medial wall of the cavernous sinus, the remaining walls consist of two distinct dura mater layers. The deep layer of the lateral wall of the cavernous sinus is contiguous to the sheath of the oculomotor, trochlear and ophthalmic nerves. Arterioles, venules, venous spaces, neuronal bodies and nervous fiber bundles are found on this lateral wall.
The cavernous sinus is a small compartment located on both sides of the sella turcica between the layers of the dura mater [1] [2] [3] . Eyster 4 was a pioneer in describing the anatomy of the cavernous sinus of Macacus rhesus. He reported that this sinus is a space containing fine trabeculae, nerves and some vessels, that these venous spaces communicate with each other and are lined with endothelium, and that the cavernous sinus of these animals is different from that of man by presenting a less evident cavernous aspect.
Little information is available about the characteristics of the walls of this sinus for New World monkeys. Studies on the region of the cavernous sinus of non-human primates are important because these are the closest relatives of man and because of their anatomical, biochemical, behavioral and physiological factors. Thus, theses animals represent useful models for comparative studies, especially concerning the diseases that affect human beings 5 . In the present study on Cebus apella (tufted capuchin monkey) we describe the morphology and content of the wall of the cavernous sinus and its relationship with adjacent structures using histological sections.
METHOD METHOD METHOD METHOD METHOD
Five adult tufted capuchin monkeys (Cebus apella) of both sexes weighing 2 to 3 kg obtained from the National Primate Center, Health Ministry, Pará, Brazil., were anesthetized with ketamine hydrochloride (Vetalar) administered intramuscularly at the dose of 10 mg/kg body weight. The animals were perfused with 0.9% sodium chloride by intracardiac injection and fixed with Bouin's solution. After craniotomy and brain removal, a portion of the skull base containing the sphenoid body, the hypophysis gland and the cavernous sinuses was divided into two blocks by a sagittal section and decalcified in 7.0% EDTA, pH 7.0, at room temperature for approximately four weeks. Each block was embedded in Historesin glycol methacrylate for the preparation of 5 µm coronal sections, and stained with Masson trichrome and hematoxylin-eosin. Photographic documentation was obtained with an Olympus BH-2 photomicroscope.
RESUL RESUL RESUL RESUL RESULTS TS TS TS TS
The cavernous sinus of monkeys (Cebus apella) is a cavity delimited by the dura mater in a continuous manner through the superior, medial, inferior and lateral walls. This meningeal layer involves nervous, vascular and adipose elements.
The superior wall of the cavernous sinus (Figs 1 and 2) is formed by a dura mater fold consisting of dense connective tissue on the surface layer and of loose connective tissue in the deep layer. This fold surrounds the oculomotor nerve, is fixed on the anterior clinoid process and continues medially with the diaphragm of the sella turcica.
The dura mater of the medial wall of the cavernous sinus (Fig 2) corresponds to the lateral wall of the sella turcica, which separates this sinus from the hypophysis. Morphologically, it is a single layer formed of loose and irregular connective tissue presenting no vessels or nervous fiber bundles. This medial wall is relatively thicker when compared to the other walls of this sinus and is contiguous to the deep layer of the superior and inferior walls.
The inferior wall consists of dura mater juxtaposed to the lateral portion of the sphenoid bone. It presents a superficial layer formed of dense connective tissue and an irregular, fine and less defined deep layer consisting of loose connective tissue (Fig 1) .
The lateral wall of the cavernous sinus presents a dura mater formed of two layers with distinct characteristics which differ in texture and content. The superficial layer consists of modeled dense connective tissue containing thick and compact collagen fiber bundles. The deep layer consists of loose connective tissue whose collagen fibers, of irregular aspect, are contiguous to the epineurium of the oculomotor and trochlear nerves and of the ohpthalmic branch of the trigeminus (Figs 3 and 4) .
Arterioles, venules, neuronal bodies, nervous fiber bundles and small venous spaces of varied shape and size were found in the deep layer of the lateral wall of the cavernous sinus in all cases studied (Figs 4, 5, and 6 ).
The deep layer of the walls of the cavernous sinus participates in the delimitation of larger venous compartments lined with endothelium and present in the lumen of the sinus.
DISCUSSION DISCUSSION DISCUSSION DISCUSSION DISCUSSION
Few studies are available in the literature about the morphology of the cavernous sinus wall of New World primates, including Cebus apella. In humans 3, [6] [7] [8] , in Macaca fascicularis 9 and in rats 10 , the dura mater of the cavernous sinus consists of two layers. The histological study of this structure in Cebus apella permitted us to observe that the dura mater of the superior, inferior and lateral walls of the cavernous sinus also consists of two layers: a superficial one and a deep one. The double layer of the superior wall of the human cavernous sinus consists of a smooth superficial layer and a deep, fine and less defined deep layer 11 . A coronal sectional study of the cavernous sinus of Macaca fascicularis showed that the dura mater is clearly separated into a layer called endocranial and an endomeningeal layer in the middle cranial fossa. The separation and rejoining of these two layers form a meningo-osteal compartment at the base of the skull, the cavernous sinus, which presents distinct walls, i.e., a lateral wall, a medial wall, a narrow roof and a floor 9 .
In Macaco rhesus, the medial wall of the cavernous sinus is formed by the dura mater, which is in contact with the periostium of the sphenoid bone 4 . Due to the almost plane conformation of the inner surface of the base of the skull, the medial wall of the sinus of Cebus apella only separates the cavernous sinus from the hypophysis and consists of a thick layer of connective tissue with no vessels or nerve fibers. In Papio ursinus, Cercopithecus pygerithrus, Galago senegalensis 12 and Macaca fascicularis 9 the medial wall has been described as a fold of the dura mater separating the hypophysis from the cavernous sinus.
On the lateral wall, the deep layer prolongs to surround the cranial nerves associated with this region. In man, some investigators 3,13 have described the deep layer as being simply a fine lining consisting of nerve sheaths which separates the sinus into a neural and a venous compartment, whereas others 8 have detected venous spaces, arterioles, neuronal bodies and small nervous fiber bundles in this region.
Scanning electron microscopy showed that the medial and lateral walls of the cavernous sinus of humans 14 consist of various dural layers with collagen fibers oriented towards different directions. It has been reported that in a human fetus 15 , the lateral wall of the cavernous sinus consisted of four layers. However, in tufted capuchin monkeys, we noted that the connective tissue of the sheaths of the oculomotor nerve is contiguous to the connective tissue of the deep layer of the lateral wall of the cavernous sinus and that this arrangement of the connective tissue may have led the above investigators to conclude that the lateral wall of the cavernous sinus consists of various layers.
In Cebus apella we detected neuronal bodies in the deep layer of the lateral wall of the cavernous sinus and between the abducens nerve and the ophthalmic nerve. In contrast, in man 16 these cells are in the trabeculae of the cavernous sinus between the internal carotid artery and the abducens nerve; in Macaca fascicularis 17, 18 the cavernous plexus presents these cells forming small ganglions located along the ophthalmic nerve, with characteristics differing from those of the trigeminal ganglion; and in rats 10 these neurons mainly occupy the lateral wall of the sinus.
In immunohistochemical studies of the pathways of sensory and autonomic nerves of Saimiri sciureus monkeys 19 , the cavernous ganglion was found to be localized inside the trabeculae of the sinus, presenting positive parasympathetic markers. These results led the authors to add that the possible connections of this ganglion are with the internal carotid artery, the abducens nerve, the ophthalmic nerve, the sphenopalatine nerve and the maxillary nerve. These authors also commented about the possibility that the cavernous ganglion is fragmented into multiple diminutive ganglions along its connections, forming a plexus inside the trabeculae located between the vessels of the cavernous sinus.
